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. Abstract. Galactic chemical evolution (GCE) models which include sodium 

' from type II supernovae (SNe) alone underestimate the abundance of sodium in 
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the interstellar medium by a factor of two to three over about 3dex in metallicity 
and predict a flat behaviour in the evolution of [Na/Fe] at super-solar metallic- 
ities. Conversely, recent observations of stars with [Fe/H] ~ +0.4 suggest that 
[Na/Fe] increases at high metallicity. We have combined stellar evolution models 
of asymptotic giant branch (AGB) and Wolf-Rayet (WR) stars with the latest 
SN yields in an attempt to resolve these problems . . . and have created many 



1. Introduction 



Recent observations of sodium in stars with metall icities up to [Fe/H ] = +0.4 
suggest secondary sodium production at high Z ( Gilli et al. I [2006). Is it a 



chemical evolutio n effect and if so, what is the source of the sodium? Canonical 
GCE models (e.g. [T immes. Wooslev fc Weaver Ill995l ) underproduce sodium by 
~ 0.2 dex, but only include massive star yields. There is observational scatter, 
up to 0.5 dex, which is much larger than observational errors. How can we make 
interstellar gas with [Fe/H] ~ +0.4? We use stellar models in combination with 
a dual-infall GCE code to try to reproduce the observed sodium abundance 
trends. 



2. Stellar Models 

Our models with 0.1 < M < 8M & incl ude 1st, 2nd and 3 rd dredge- ups, hot- 
bottom burning (HBB) and mass- loss (jlzzard et al. 1120061 ). AGB stars with 



4 < M/Mq < 8 make sodium by HBB via the 22 Ne(p, 7) 23 Na reaction. The rate 
is uncertain so we vary it within experimental limits (up to x 2000) . For massive 
stars (8 < M/Mq < 80) we use the STARS code with a full nucleosynthetic 
network. Mass loss during the WR phase exposes layers which have converted 
22 Ne to 23 Na by hydrogen burning. 23 Na is made during carbon burning in 
massive stars and is e jected in the SN exp l osion at the end of the star's life. We 
use the 23 Na yields o f fchieffi and Limongil (|2004l ) , which are a strong function of 



mass and metallicity. Figure 1 (left) shows the time- and mass-integrated ejecta 
from our stellar populations as a function of metallicity Z. We use the IMF of 
Kroupa. Tout & Gilmorel (|l993l ). 
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GCE Models 



We ha ve implemented our stellar models and SNela into the lChiappini. Matteucci and Gratton 

( 19971 ) dual-infall homogeneous GCE model adopting the instantaneous mixing 

approximation without radial flows. We tried five sets of physical parameters: 

1. The standard dual-infall model with our standard stellar models, 2. As 1 

with SN yields of sodium xl/2, 3. As 2 with 22 Ne(p, 7) 23 Na rate xlO, 4. As 2 

with 22 Ne(p, 7) 23 Na rate x2000 and 5. As 2 with infall from a polluted instead 

of primordial gas. 

We find that: 1. Reduction of sodium yield is necessary at solar metallicity, 
but not for [Fe/H] < — 1. 2. We find a local minimum in [Na/Fe] which qualita- 
tively matches the observations, albeit at too low [Fe/H]. 3. A 2000 x increase 
in the 22 Ne(p, 7) 23 Na rate gives too much 23 Na, but xlO is compatible with 
the observations. 4. It is hard to make gas with [Fe/H] > unless we include 
feedback or thaumaturgy. 5. We cannot reproduce the scatter in [Na/Fe]. 
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Figure 1: Left: Ejecta of sodium as a function of Z from intermediate mass and all stars. 
Right: [Na/Fe] vs time in our GCE simulations. 

4. Conclusions 

GCE models of sodium should include the contribution from AGB stars under- 
going HBB, but this leads to overproduction of sodium in the disk. Our GCE 
models qualitatively match the observed [Na/Fe] vs [Fe/H], fail to reproduce 
the observed scatter in [Na/Fe] and never make gas with [Fe/H] ~ +0.4. The 
hint of an increase in [Na/Fe] at high [Fe/H] may be due to secondary Na from 
type II SNe, not AGB stars. 
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